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Previewsof sickness behavior, to include funda-
mental aspects of the so-called ‘‘micro-
biota-gut-brain axis’’ that governs our
symbiotically determined health status.
No small feat for such a tiny worm.REFERENCES
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In this issue of Cell Host & Microbe, Suzuki et al. (2014) describe a Vibrio cholerae Type-III-secreted effector
that targetsmitochondrial dynamics to dampen host innate immune signaling. This suggests thatmammalian
hosts possess surveillance mechanisms to monitor pathogen-mediated alterations in the integrity of normal
cellular processes and organelles.The capacity of the mammalian innate
immune system to effectively respond
to invading pathogenic microorganisms
depends largely on effective surveillance
and response capabilities. To what
extent has the full range of microbial
strategies to subvert host surveillance
systems been recognized? In this issue
of Cell Host & Microbe, Suzuki et al.
(2014) report that the Vibrio cholerae
Type 3 secretion system effector VopE
is required to dampen innate immune
responses to bacterial infection of cul-
tured mammalian cells (Figure 1A). The
absence of VopE, which had previously
been demonstrated to be important for
full V. cholerae pathogenicity in a rabbit
model of enteric infection (Shin et al.,
2011), resulted in increased NF-kB- and
type I interferon (IFN)-mediated proin-
flammatory signaling during V. cholerae
infection.
Some pathogenic bacteria and viruses
have evolved tactics to actively suppress
inflammatory signaling in order to pre-vent clearance during early stages of
infection. In the case of V. cholerae,
several lines of evidence indicate that
VopE contributes to suppression of
inflammatory signaling through direct
engagement with host cell mitochondria.
Infection with V. cholerae strains lacking
VopE generated calcium-dependent
mitochondrial trafficking to the perinu-
clear region, an event that precedes
aggregation of MAVS, a mitochondrial
sensor of double-stranded RNA and
stimulation of proinflammatory signaling.
VopE appears to obstruct this process
by translocating to mitochondria and
inactivating the mitochondrial Rho
GTPases Miro1 and Miro2, which nor-
mally modulate mitochondrial dynamics
through the regulation of mitochondrial
trafficking.
How might VopE modulation of mito-
chondrial dynamics, the physiological
balancing of organelle fission and fusion
required to maintain mitochondrial ho-
meostasis within a cell, impair innateimmune signaling during infection with
V. cholerae? Although not entirely clear,
there is emerging evidence that the
regulation of mitochondrial dynamics
converges with MAVS signaling (West
et al., 2011). Indeed, proteins mitofusin-1
(MFN-1) and MFN-2, which promote
the process of mitochondrial fusion into
an extended filamentous morphology,
interact with MAVS in response to activa-
tion of cytosolic retinoic-acid-inducible
gene-I-like receptors through recognition
of viral RNA. While VopE was not found
to directly interact with MFN-1 or MAVS,
the authors suggested that perhaps
VopE-dependent reduction in MAVS sig-
naling might result from Miro-dependent
changes in mitochondrial trafficking to
the perinuclear region, although other
explanations remain possible.
Ashighly dynamic andmotile organelles
essential for the vitality of a cell, mito-
chondria monitor and maintain numerous
cellular processes including calcium
homeostasis, metabolism, programmedovember 12, 2014 ª2014 Elsevier Inc. 555
Figure 1. Recognition of Pathogens by Host Cell Surveillance
(A) Schematic drawing of Vibrio cholerae disarmament of mitochondrial immune surveillance through the T3SS effector VopE resulting in inhibition of mitochon-
drial perinuclear clustering and immune activation.
(B) Models of pathogen recognition by host cell surveillance machinery. PAMP recognition: results in indiscriminate recognition of pathogens and commensals.
DAMP recognition: results in time-dependent, indiscriminate response to cell death. Guard hypothesis: results in specific recognition of pathogens and not
commensal microbes.
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mostly dispersed in the cytosol, mito-
chondria may become aggregated via
microtubules in subcellular regions,
including the plasmamembrane to control
calcium levels (Quintana et al., 2006) or the
nucleus in response to hypoxia resulting in
altered transcription due to an increase
in nuclear ROS (Al-Mehdi et al., 2012).
The association reported here between
perinuclear mitochondrial localization,
MAVS aggregation, and signaling, sug-
gests a role for pathogen-mediated alter-
ations in mitochondrial localization, but
the mechanistic relationships between
these three phenomena remain to be
rigorously established.
While the findings in Suzuki et al. (2014)
certainly provide new insights into an
interesting V. cholerae Type 3 effector,
they also offer a tantalizing glimpse
into what the authors speculate could
be active cellular surveillance of mito-
chondrial health and dysfunction. The
remarkable effectiveness of the mamma-
lian innate immune system depends on
several ‘‘front-line’’ surveillance systems
that recognize invading pathogenic mi-
croorganisms as a requisite step for
mobilizing and coordinating a rapid
and effective response. Recognition of
pathogen-associated molecular patterns556 Cell Host & Microbe 16, November 12, 20(PAMPs) by a large cache of germline-
encoded receptors is a central and well-
studied component of innate immune
surveillance (Figure 1B). However, mobili-
zation of an effective immune response
based on recognition of cellular com-
ponents shared by both pathogenic and
beneficial commensal organisms is
not entirely understood. Likewise, surveil-
lance for damage-associated molecular
patterns (DAMPs) resulting from dead
or dying cells suggests a system hard-
wired more for limiting than preventing
pathogen-mediated damage (Kono and
Rock 2008) (Figure 1B). The challenge
of reconciling these aspects of PAMP-
and DAMP-based systems with effec-
tive pathogen surveillance suggests the
possibility of additional mechanisms for
monitoring pathogen invasion.
Suzuki et al. (2014) suggest that the
VopE-dependent suppression of MAVS-
mediated proinflammatory signaling dur-
ing V. cholerae infection may be an
example of pathogen modulation of a
well-studied phenomenon in the plant
immunity field, which is referred to as
the ‘‘guard hypothesis’’ (Jones and
Dangl 2006) (Figure 1B). The guard hy-
pothesis involves what has been termed
cellular-surveillance-activated detoxifi-
cation and defenses (cSADD) (Melo and14 ª2014 Elsevier Inc.Ruvkun 2012) and is contingent upon
the involvement of a surveillance system
that monitors in real time the integrity of
cellular systems and processes, with
impairment of these systems interpreted
to indicate the presence of damaging
pathogenic bacteria. Although MAVS
was initially identified as a mitochondrial
sensor of double-stranded RNA, these
studies suggest an expanded role for
this mitochondrial outer membrane pro-
tein in the cellular response to mito-
chondrial-mediated stress. Given the
expanding list of pathogenic bacteria
and viruses that produce mitochondrial-
targeting toxins or effectors (Blanke
2005, Arnoult et al., 2009), a surveillance
system to monitor mitochondrial health
and integrity would certainly benefit the
host. Likewise, pathogen acquisition of
factors (such as VopE) that apparently
disarm mitochondrial-based surveillance
also argues for the existence of such
systems.
While the findings of Suzuki et al.
(2014) are consistent with the idea of
cSADD, there are fundamental mecha-
nistic questions that remain to be
addressed. In the absence of VopE,
is V. cholerae-mediated elevation in
cellular calcium sufficient to trigger peri-
nuclear clustering, or are other bacterial
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gen-induced clustering of mitochondria
also induce MAVS aggregation and
proinflammatory signaling; that is, to
what extent are these responses to
Ca+2 mitochondrial stress a generalized
phenomenon? Importantly, it remains
to be determined whether the in vitro
results reported here are recapitulated
during in vivo infection. As always, it
will be challenging to experimentally
discern the exact functional contribu-
tions made by effectors such as VopE
to a pathogen’s infection cycle and dis-
ease development.
As underscored by these studies, it is
likely that many nuances of host-path-
ogen interactions remain to be revealed.
The present results are consistent with
the idea of the ‘‘guard hypothesis’’ within
mammals and provide an experimentalframework for identifying and character-
izing the degree to which additional
cellular processes/systems (cytoskel-
eton, trafficking organelles, etc.) are
likewise sensed by host cells as a trigger
for mobilization of the innate immune
response.ACKNOWLEDGMENTS
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Productive HIV-1 infection requires viral cDNA integration into the host genome, an event catalyzed by HIV-1
integrase. In this issue of Cell Host & Microbe, Demeulemeester et al. (2014) report the existence of natural
integrase polymorphisms that retarget viral integration away from gene-dense regions and are associated
with rapid disease progression.In all host-pathogen interactions, the effi-
ciency of infection, the extent and quality
of the host response, and, ultimately, the
severity of the disease are often conse-
quences of small variations in both the
pathogen and its target cells. HIV-1 is by
no means an exception to this principle.
Polymorphisms in a variety of cellular pro-
teins regulate virtually all of the steps of
viral infection, from receptor interaction
to virion packaging; on the opposite
side, variations in the nine viral polypep-
tides finely tune the efficiency of infection
and host cell behavior (Carrington andWalker, 2012). While information is
broadly available on the viral polymor-
phisms modulating the efficacy of recep-
tor binding, as on viral internalization,
transcription, RNA processing, and virion
maturation, considerably less knowledge
has been acquired on the variations
involved in viral cDNA integration into
the host cell genome. This is not surpris-
ing, since our overall understanding of
the process of integration itself and, in
particular, of the features of the cellular
chromatin regions where this occurs, is
still largely incomplete.The complex catalyzing integration of
the viral cDNA into the host genome—
the intasome, which is composed of a
tetramer of the viral integrase (IN) enzyme
assembled onto the two viral cDNA
ends—is a sort of a moon landing space
capsule that approaches human chro-
matin (Figure 1); the title of this Preview re-
calls a very popular song from David
Bowie. After landing, the intasome docks
onto the target DNA to form the target
capture complex (TCC), followed by
DNA cutting and joining reactions (Maert-
ens et al., 2010). How does the intasomeovember 12, 2014 ª2014 Elsevier Inc. 557
